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(a-d) Heatmaps showing the overlap between gene modules from cWGCNA and gene modules
from (a) DICER, (b) DiffCoEx, (¢c) MEGENA, and (d) Self-organizing map (SOM), colored by -
log(p-value) from a hypergeometric overlap test. (e-g) SOM computed using samples from the
Mayo cohort, colored by bi-weighted mid correlation with (e¢) AD Diagnosis, (f) age at death, (g)

and sex.
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Fig. S2. Single-cell cluster marker gene expression

(a) Marker gene enrichment in cell-type clusters visualized with same t-SNE plot as in Figure3a.
(b) Violin plots of differentially expressed cell-type markers in each cell-type cluster identified by
snRNA-seq. (¢) RNA ISH of a subset of the differentially expressed cell-type markers in human
cortical tissue. Images from the Allen Human Brain Atlas. (d) Dot plot showing differentially
expressed inhibitory neuronal markers in cell-type clusters. Color denotes average gene

expression, while size denotes percent of nuclei expressing the gene.



up-regulated in female samples

up-regulated in male

' ' ' | | [ | | | [ || [[[f
| ‘T‘II‘I‘I‘.EITH“:I‘H i | bl \MI“I#WIMW“I“\‘%IW IIII‘\IIIIIII\III W"IM\*F\I I H“\W\M‘\‘WIH ”\ !” I\HH’IHH\H Hnmdmw I ! ”“‘ | :‘ "IW‘ ‘ |II

X
7]

=
2
22
S

6T6H0

AFIE T IIIIHIII\III‘\IIH‘H\J\HIHH\ i} I‘H\I“\ wH\I”H N (AN H‘ LY WH Il ’ i H‘I\“i (L (L]

i o ”VH‘ T L T .M

| piT R

LTI I H‘ | |y} il 1 I “ L I T 1\‘"“ \I::"HI\ I‘ | ‘I “ HH\‘ ‘I\m:l:w‘: ‘ Ml IMJ \I‘m HWI MI i w

e J WJHM i M*M\W 1 Hr":‘ll‘lmmm '

R A bl [t | Jaer st
il

= *

‘ ’ i ” W ‘ | W\\\\I\\I“\\Ilvlm\\l N
I L
p\ H |k\'ﬁ"\ “‘
‘HHHIHHH I M nm \“

& .,‘..L.‘J‘.‘l‘. :‘!: iy
MI\IHWH Ui IH‘H I ] | IH\‘
W ﬂ‘ . | i HHH“H ‘ ‘HMIW‘%MH‘IIHIIH“IHIII‘EHI " \‘ i IHI\IHHHHH
\IHLM \I‘I I&‘\IIMIII:IHI#HHI\III‘ IIII\I‘IH:‘:I‘\I\II:I\III‘IHII‘H T \‘\ ! ‘I ‘H‘

M “ W\HM‘W""‘FMRH"‘ IIN’WI\\IMI”“H “IIVI Il ‘MIH i \‘H I W ‘h | {1 TR T L)

\II‘II\III il ”III’\II’IIII’II III\IIIII\IIHI\III’HHII\’ [ HHI I‘I\H ‘\I\IH HHII\HHH‘\ | | II‘I\ H‘IIH‘ ‘\ m " w“
‘\ \”I Il \m.\h L | ! “ | l LU L i

e it W (1R e R i U 1 T
WW‘I“IWFMM41IA.I“ll‘ WFHIII\H’IIHIH‘\I‘I 11 ‘\ LI ‘H\‘ (A1) IFIMIH\W :‘ IO [l I | \‘\ [y I\/H \/H\ ”www\\ ‘\HM [1f ‘I MI g g

IHF \I‘\HI"IIH‘\W‘H‘I H“lel\‘” Uy } 1} ‘VHW(\”“H‘\H ’\ (LRI “\‘w ‘ \‘\ IWWWI’ wwwM I’“ HH‘ HIH\ | Ilﬂl‘\“w i 1l ‘H\
‘ i

3
0%
2
%

o
=
=m

3
s
s

5
SRS

>
R
>

\CO168

=

==

)

x
o
22
%I
ROTOST!
ST

{20
POTO!

2
3
o
a2
&=

I
5
g
2
2
=

=%
S
2=

Q
2

D=
i
N

G

,_
=
=
=

a)>
55
R,
55

X!

=
7
e

SN

O
-
2,

o
o
280%
S
RSP
>0
FREZRRAS

Q

3 CcC
3072
i
L0
DR

LI
T

HHJ LN

2o
=2

o:
o

4
M=

20
=

TSTEYL.

ZSaE!

2
R
RO

Qn
= 2
27

=
.—%80

>
S

RP11-4;
I

&

2o
o
=

O
=
>

RP,

=
=

Expression

2
[xd
8%
25

o
.
>
o

=
3
=Z
=
%,
S
R

>
!
O:
N0 20

5

S

o
ot
soNk

H“\‘IH\”H‘HW ‘I ‘hH Il ‘\‘ “ ’\ I“& I I i AT “‘ " (i

(T \HHH I | (IR I II‘\I i I \I\HI ‘H\H‘\‘HH\ Ll \H b H‘NW
i MMMMW LA DR ok il e e o “MH i WT !

@ _0
20, 2.
<o

S

e

w:AA

ANve s o

&

2
>G5 UTX =

S
2

oD

AC I 0

i ! ' R --I-rll\-- III\IHHII\hIHH\I\WIIIIHH‘I \H\,I\ ”r\

ln HI‘ AN I\HHI\‘I\IHH I il (N ‘H wa““\lﬂWWW”W IR T ‘\ iy | ‘\ ‘“‘Fh\w

fy \WI

Identity
e Ex1
e« ODC1
e AsSC1
* Ex2
o Inht
* OPC
e oDC2
® AsC2
* Inh2
* Ex3
* Ex4
* Inh3
o Ex5

| [ N N | \m— — U I R e mc
GPye AN 7 I | A “H [T o B

LU = =t';'.':l«| AT

ar “IIIIII\ Il 100000 A 000 i vll\ I
illl [] I’ |

NLGN4Y || [ If [ i I QI g il
Acobéggggl‘z (TR T TR i ‘I H\W\ (i I\II*II‘III "\I rl L Ty ‘h | | HHI‘I‘ (] |
S%zl?é‘jﬁ: \‘\ I H‘I‘HHIM*WW# e ‘\‘ 1l | ‘ \;M 1 ! ‘
|

USP9Y |
|

L T

OB,

INWI“W”FIN “IH““IIHI 4 (L TLT () HIWH\
i i MH i i fIIHIHHH HIHH“ 1 e I’\‘\I\I‘IIF“IIHIHIH:\‘II‘IHII‘II‘\‘I I“H‘ HI\‘\MW | H‘ |

T |

‘ st | ' ! LU TR W IIHHI‘I\I ! ! [ ‘\‘ o I I \mH H\M

S!H i H‘ ‘\‘\I\I"\IHIHH\M‘MHH‘I”H \‘\ (IRTITR WL TA HH‘H\ ni {h} ‘HH‘ ‘\I W l ‘\ I HHN Hm TEEEIET R e ‘HIHI‘H\ \I‘I |}

20 oz
)
B Y
52

IIIHH\HI‘\IWI“M‘ H\’HHI\IHIHI\IHH \I‘H IEL I e HH‘H \HHH\HHIIIIHI\HH\‘ V

e

o
o
S :
>’

)’Awww_Am)wN\ﬂ’)’mNA«l'ﬂ

@
—ic
0G,

2

g
%

<
o

m

e
e

T

%)
8o

Pl

_.
P2
oS0z
SN

Sy
e
0!

o 2
2 I
1 S%m
S

GABPI

5’
>

ASIC2 | | ‘ I

! \n\‘\::‘\‘mrwl‘:‘\:;‘\\l‘nleu”‘lu‘::\‘;h‘::‘\:uﬁu"\I

TMEM1328 1 400 0 ’
AFF3 il L

NPE%}ZCB/} ‘ | ) ‘Hm‘ M‘ H‘ " “I“ H“I\“I\HI\I“I\.\.HIH‘I\“II\:“\‘IHI\ ‘\IM { ‘H LI N

ZNFB04B
RP11-30J20.1 (R fi Il I
XN IH\\I\IIIHHIH\IIT\‘IIHII\I\IHIIIE ‘ L ‘HH\ “\I II\II*II imig
KCNQWOTW ’ (L

PP10 RNNNIN 1 i I I III\IHIIII\I\TIIIII\ LRILIA WI‘ I “‘1 I‘H ‘\‘ II‘:\II‘H‘II"IHH II‘IT\II\ LRI 1l I ‘: ul il
\

nu.mm‘nuuhtwiw“w‘m:m.w\;\‘mw‘.\ ity M W“ WW | \»\Mh

ACW%SHQCS‘”” ‘ e H“H\ ‘ HIA H‘ wm IW NI “’\“\ /‘N\ ! \‘ ‘II\‘ ‘HH f IH’\I “H‘ H‘
I

E |

\um‘nn/)mv ‘nm

>
28
(SN

PITEQ‘&Q "H‘HH I\ \”'\\”'ﬂ/‘ﬂ”‘ M‘\H "IHHI | | [0 | ———— ‘/ ‘H ‘\ ‘I\II I”HI\ \“

ANSEET 11 0 00 | R e g
FRAST |

TR T Mﬁmu | 't

R@i§€§§ HIIII \IIH\‘IHIII\MWIIHHH ‘I Mlm\h\ LU — - | H\IIIH\ \I“\I\‘Ihllﬂ‘\lll\l\ ‘HII\I\ H’IH I ﬂ-” W | \‘I

(NIRRT (U
ACOSSS;IS?%H (F TR U T Y R 1| Il | J | (U TRV HI\‘ 01 I LT VAR R i) \H\HH I e
TET3 ' [ ‘\ ’ ' | I ‘ | ‘ I
GAPDH I 10 ‘\H i LR 1 W
FGF12 (U |
ATRNL1 | I
KCNG5

OPCNL | |
NRG3 I| (R

CSMD1 I | I

g o SRR el 1




Fig. S3: Differentially expressed genes between sex in snRNA-seq
(a-b) Gene expression heatmaps summarizing differentially expressed genes (DEGs) between
cells originating from female and male samples within each cluster. The top 10 genes sorted by

average log fold change in female (a) and in (b) male samples for each cluster are displayed.
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Fig. S4. Cell-type proportion changes in Mayo and ROSMAP datasets
(a-b) Boxplots depicting estimated cell-type abundance with pathological state by cell-type cluster

in RNA-seq dataset from Mayo TC (a) and ROSMAP PFC (b).
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Fig. SS. Cell-type proportion changes in MSSM PHG and STG datasets (a-b) Boxplots
depicting estimated cell-type abundance with diagnosis by cell-type cluster from RNA-seq

dataset from MSSM PHG (a) and STG (b).
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Fig. S6. Cell-type proportion changes in MSSM FP and IFG datasets
(a-b) Boxplots depicting estimated cell-type abundance with diagnosis by cell-type cluster from

RNA-seq dataset from MSSM FP (a) and IFG (b).
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Trajectory of upregulated AD modules projected onto proteomics data (Johnson et al. 2020)
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Trajectory of downregulated AD modules projected onto proteomics data (Johnson et al. 2020)
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Fig. S7: Trajectory of AD modules projected onto proteomic data
(a-b) Boxplots depicting proteomic module eigenprotein values for modules positively correlated

with AD diagnosis (a) and for modules negatively correlated with diagnosis (b).
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Fig. S8. Consensus WGCNA analysis in ROSMAP and MSSM datasets(a) Module eigengene
trajectories with CERAD score in ROSMAP PFC dataset. (b-e) Boxplot showing module
eigengene trajectory with pathological state for neuronal and non-neuronal consensus modules in

MSSM PHG (b), STG (¢), IFG (d), and FP (e) RNA-seq datasets.
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Fig. S9. ME trajectory, pathway analysis and module plots of CM12, CM23 and CM16
modules

(a-b) Co-expression plot (a) and gene ontology term enrichment (b) for neuronal consensus
module CM12. (c-d) Module eigengene trajectory with pathological state (¢) and with Braak stage
(d) for CM12 in Mayo TC dataset. (e-g) Module eigengene trajectory with pathological state (e),
Braak stage (f), and MMSE score (g) for CM12 in ROSMAP PFC dataset. (h) Module eigengene
trajectory with age for CM12 in NABEC dataset. (i-j) Co-expression plot (i) and gene ontology
term enrichment (j) for non-neuronal consensus module CM23. (k-I) Module eigengene trajectory
with pathological state (k) and with Braak stage (I) for CM23 in Mayo TC dataset. (m-0) Module
eigengene trajectory with pathological state (m), Braak stage (n), and MMSE score (0) for CM23
in ROSMAP PFC dataset. (p) Module eigengene trajectory with age for CM23 in NABEC dataset.
(q-r) Co-expression plot (q) and gene ontology term enrichment (r) for non-neuronal consensus
module CM16. (s-t) Module eigengene trajectory with pathological state (s) and with Braak stage
(t) for CM16 in Mayo TC dataset. (u-w) Module eigengene trajectory with pathological state (u),
Braak stage (v), and MMSE score (w) for CM16 in ROSMAP PFC dataset. (x) Module eigengene

trajectory with age for CM16 in NABEC dataset.
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Fig. S10. Enrichment of GWAS hits of other neurodegenerative and neurological disorders

Heatmap of consensus module enrichment of GWAS hits from more than 35 different studies
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LINCS database drug repurposing enrichment in modules upregulated in AD
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Fig. S11: Potential drug targets for AD consensus modules
(a-b) Bar plots depicting potential drug targets from querying the LINCS database for each module
positively correlated with AD diagnosis (a) and for each module negatively correlated with AD

diagnosis (b).
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Fig. S12. ME trajectory in published AD datasets

(a-e) Boxplots illustrating module eigengene trajectory with diagnosis from RNA-seq dataset from

Zhang et al. PFC (61) (a), Berchtold et al. SFG (b) and PCG (77) (¢), and Webster et al. FC (78)

(d) and TC (e).
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